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Methods
Model construction
Models of the yeast PCNA clamp alone and in complex with the pentameric RFC clamp loader were constructed based on the available crystal structures (PDB accession code:
1PQL and 1SXJ, respectively). In the subunit A of RFC a residues whose side chains were unresolved in the crystal structure were modeled from the sequence using the . Charge neutralization was accomplished by the addition of Na + and Cl -ions. Excess salt concentration (~0.1 M) was introduced in order to mimic physiological conditions.
Simulation Protocol
The systems underwent 2000 steps of initial energy minimization to remove unfavorable contacts followed by 50,000 steps of constant volume molecular dynamics. The temperature was gradually increased from 0 K to 300 K during this period. Harmonic restraints (with force constant of 4 kcal×mol
) were imposed on the protein Cα atoms. These restraints were scaled down in four stages and eventually removed in the course of an extensive 2 ns equilibration in the canonical ensemble.
S3
The production runs were performed in the isothermal-isobaric ensemble with the program NAMD 2.6 4 5 and the AMBER Parm99SB force field 6 7
. The long-range electrostatic interactions were treated using the smooth particle mesh Ewald (SPME) algorithm 7
. For the non-bonded short-range interactions a cutoff of 10 Å with a switching function between 8.5 Å and 10 Å was employed. The r-RESPA multiple time step method 8 was employed with a 2 fs time step for bonded interactions, 2 fs for shortrange non-bonded interactions, and 4 fs for long-range electrostatic interactions. The bonds between hydrogen and heavy atoms were constrained with the SHAKE algorithm 9 .
Steered MD
To enforce separation of the two interfacial beta strands of PCNA we relied on steered molecular dynamics (SMD): a method that involves the use of a harmonic constraint moving at a constant velocity to "steer away" the centers of mass of groups of atoms and, thus, promote enhanced sampling (see also Figure S1 ). Specifically, we selected the Cα atoms of six residues from the first beta strand and applied external forces to steer the center of mass of these atoms away from the corresponding Cα atoms on the second beta strand (Figure 1d ). SMD was used to force open the PCNA subunit interface in the in-plane direction for two cases: (i) an isolated sliding clamp and (ii) a clamp in complex with the clamp loader. The force constant k for the pulling runs was 6 kcal mol -1 Å -2 and the steering velocity v was 3.0 Å/ns. At no point during the SMD run or during subsequent equilibration runs did we apply external forces in the orthogonal direction.
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Since the SMD simulations for the yeast RFC/PCNA complex were carried out in a highly non-equilibrium pulling regime, the runs were followed up by extensive molecular dynamics equilibration. To prevent the system from snapping back into a closed conformation, the center of mass distance between the two beta strands was restrained to vary between 25 and 40 Å during the first 45 ns of MD simulation. The system was allowed to move freely within the above range of distances but prevented from exceeding them by potential barriers placed at the limiting values. For the subsequent 32 ns all restraints were removed and the system was allowed to evolve freely toward an equilibrium conformation. While the SMD technique could, in principle, be used for PMF reconstruction 10, 11 , it proved less advantageous for our systems. The reason for this became clear in retrospect, upon examination of the resulting force versus extension profiles, and is also illustrated in Figure S1 . To circumvent this difficulty, we opted for a technique that more closely resembles equilibrium sampling and does not suffer from large non-equilibrium effects, namely, the adaptive biasing force (ABF) method.
Adaptive biasing force calculations
The adaptive biasing force (ABF) method 12 as implemented in the NAMD2. 
Supplementary Figures
S7 Figure S1 The harmonic restraint used in SMD can be described as a moving bead attached to the system by a Hookean spring. When the underlying free energy profile features a narrow and deep minimum, large extensions of the harmonic spring become possible during a pulling run. As a result, when the external force becomes sufficient to overcome the free energy barrier, the spring snaps, leading to a large non-equilibrium displacement of the steered atoms. The highly non-equilibrium nature of the motion makes PMF reconstruction from the SMD data extremely challenging. the individual subunits S1-S3. In each case a fit to the corresponding subunit in the closed PCNA structure was performed prior to calculating the RMSD. Thus, the values denoted as S1, S2, S3 reflect internal rearrangement within a particular subunit. These values increase from S1 to S2 and S3 but remain relatively small. To highlight the displacement of subunits S2 and S3 relative the subunit S1, we fit separately onto to S1
before carrying out the RMSD calculation. The next two values in the table reflect a moderately large relative displacement for S2 (~10 Å) and a very large displacement of S3 (~34 Å). Figure S2 provides a visual illustration of this result. 
